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Editor: Jay GanAs a freshwater cetacean with a population of only approximately 1000 individuals, the Yangtze ﬁnless porpoise
(Neophocaena asiaeorientalis asiaeorientalis) is threatened by water pollution. However, studies of contaminants
accumulated in the Yangtze ﬁnless porpoise remain limited. In this study, concentrations of 11 trace elements in
different tissues sampled from 38 Yangtze ﬁnless porpoise individuals were determined. The elements V, Ni, Zn,
and Pb were mostly accumulated in the epidermis, Cr, Mn, Cu, Se, and Hg were mostly accumulated in the liver,
while As and Cd were mostly accumulated in the blubber and kidney, respectively. The results show that trace
elements concentrations in the epidermis do not reliably indicate concentrations in internal tissues of the Yang-
tze ﬁnless porpoises. Positive correlations between different trace elements concentrations in tissues with the
highest concentrations suggested the similar mechanism of metabolism or uptake pathway of those elements.
Concentrations of As, Se, Cd, Hg, and Pb in the tissues with the highest concentrations were signiﬁcantly posi-
tively correlated with the body length. Furthermore, signiﬁcantly higher trace elements concentrations were
measured in the reproductive organs of females (ovaries) thanmales (testis). However, no signiﬁcant difference
of trace elements concentrations between habitatswas found. In consideration of higherHg and Cd level in Yang-
tze ﬁnless porpoises compared to other small cetaceans, the potential risk of Hg (in particular) and Cd toxicity to
Yangtze ﬁnless porpoises needs further attention.
© 2019 Elsevier B.V. All rights reserved.Keywords:
Yangtze ﬁnless porpoise
Trace element
Bioaccumulation
Cetaceanhan 430072, China.
hare the ﬁrst authorship.
798 X. Xiong et al. / Science of the Total Environment 686 (2019) 797–8041. Introduction
As species at the top of aquatic foodwebs, cetacean tissuesmay have
high contaminant concentrations due to bioaccumulation and
biomagniﬁcation (Desforges et al., 2018; Gui et al., 2017; Parsons,
1998). Bioaccumulation of heavy metals and organic contaminants in
cetaceans have previously been investigated, and have indicated the
risks to cetacean populations (Betti and Nigro, 1996; Desforges et al.,
2018; Gui et al., 2017; Jepson et al., 2016). However, most research
has focus on marine cetaceans, and although the majority of cetaceans
are marine, some cetaceans inhabit only freshwater environments
(Veron et al., 2008). Freshwater cetaceans are more endangered than
marine species due to their limited living spaces, increasingly scarce
food resources, the high level of human interference, and water pollu-
tion (Braulik et al., 2015; Turvey et al., 2007;Wang, 2009). However, re-
search on bioaccumulation of contaminants in freshwater cetaceans is
limited, which inhibits robust assessment of the risks posed to them.
Therefore, further research on the bioaccumulation of contaminants in
freshwater cetaceans is essential.
The Yangtze ﬁnless porpoise (Neophocaena asiaeorientalis
asiaeorientalis) is the only cetacean that lives in the Yangtze River catch-
ment since the functional extinction of the Yangtze River dolphin (the
baiji, Lipotes vexillifer) (Wang et al., 2006). As a critically endangered
species on the International Union for Conservation of Nature (IUCN)
red list (D. Wang et al., 2013), the Yangtze ﬁnless porpoise population
has decreased rapidly during recent decades. The average annual de-
cline rate of Yangtze ﬁnless porpoise populations from 2006 to 2012
was 13.7%, and the current population abundance of Yangtze ﬁnless
porpoise is only approximately 1000 in its whole habitat (Mei et al.,
2012, 2014).
Pollution is one of the critical threats from human activities to the
survival of the Yangtze ﬁnless porpoise (Wang, 2009). The Yangtze
River is the largest river in China and suffers a serious pollution problem
due to the high population and rapid economic development in its
catchment which has already affected the ﬁsh biodiversity in the river
(Muller et al., 2008; Yang et al., 2012; Fu et al., 2003; Zhang et al.,
2009). However, studies of contaminants in theYangtzeﬁnless porpoise
are limited and have only been conducted sporadically on individuals
(Dong et al., 2006; Yang et al., 2008). Other studies of contaminants in
marine ﬁnless porpoise have been conducted in the coastal area of
China, Japan, and South Korea (Isobe et al., 2011; Lam et al., 2016; Liu
et al., 2017; Park et al., 2010; Zhang et al., 2017). However, the pollution
condition of the Yangtze River differs from the Eastern Asia coastal area.
Furthermore, molecular biological evidence tends to classify Yangtze
ﬁnless porpoise and marine ﬁnless porpoises into different species
(Zhou et al., 2018), which makes the identiﬁcation of factors that
threaten the survival of the Yangtze ﬁnless porpoise especially impor-
tant for the protection of this species.
Trace elements are common in the environment, and their accumu-
lation in tissues of many cetacean species have been studied during the
past few decades (Bennett et al., 2001; Gui et al., 2017; Kemper et al.,
1994; Parsons, 1998). Chronic exposure to some trace elements
(heavy metals such as As, Cd, Hg, and Pb) can have toxic effects on
aquatic mammals even at relatively low concentrations (Bennett et al.,
2001; Caceres-Saez et al., 2018; Parsons, 1998). Furthermore, some ce-
taceans are considered to be indicators for the trace elements pollution
in particular habitats (Gui et al., 2017; Kucklick et al., 2011; Liu et al.,
2017;Wise et al., 2009). Previous studies also reveal that different ceta-
ceans' tissues have different accumulation characteristics for different
trace elements (Sun et al., 2017). However, compared to previous stud-
ies of marine cetaceans, study of trace elements in the freshwater Yang-
tze ﬁnless porpoise is still very limited.
In the present study, concentrations of 11 trace elements in different
tissues of Yangtze ﬁnless porpoises collected from different habitats
were investigated to 1) assess trace elements accumulation in Yangtze
ﬁnless porpoises and identify potential effects; 2) identify differentaccumulation characteristics of trace elements in Yangtze ﬁnless por-
poises, and; 3) assess the factors affecting the trace elements accumula-
tion in Yangtze ﬁnless porpoises. This study provides important new
information for understanding the threat of trace element pollution to
the Yangtze ﬁnless porpoise population and facilitating improved con-
servation of this freshwater cetacean species.
2. Materials and methods
2.1. Sample collection
Relying on the “Yangtze River Cetaceans Protection Network”, 38
Yangtze ﬁnless porpoise individuals (19 males and 19 females) were
collected from 2011 to 2014. This included 9 individuals from the Yang-
tze River, 25 individuals from the Poyang Lake, and 4 individuals from
the Dongting Lake. All animals had died from stranding, bycatch, or
physical trauma, and samples were frozen until postmortem. Gender
and body length were determined during postmortem (Table S1).
Blubber (n= 38), muscle (n= 38), liver (n= 38), kidney (n= 38),
and epidermis (n= 31) samples of Yangtze ﬁnless porpoises were col-
lected during the dissection. Reproductive tissue samples (ovaries [n=
11] and testis [n = 18]) were also collected, if possible, for females and
males, respectively. All tissue samples were frozen at −20 °C before
analysis.
2.2. Sample preparation and chemical analysis
Two duplicates were processed during the analysis for each sample.
Approximately 0.5 g of ground tissue samples wereweighed into Teﬂon
digestion tubes, soaked overnight in 4mL of nitric acid, and then heated
at 80 °C on a heating plate until there was no reddish-brown smoke.
After pre-digestion, the digestion tubes were sealed and digested in a
microwave digestion instrument (Anton Paar, Mltuwave 3000,
Austria). Following microwave digestion, the cooled solutions were ﬁl-
tered through 0.45 μm ﬁlters and transferred into 50 mL volumetric
ﬂasks, and diluted with deionized (DI) water (≥18.2 MΩ).
The concentrations of 11 trace elements (V, Cr, Mn, Ni, Cu, Zn, As, Se,
Cd, Hg, and Pb) in sample solutions were determined by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS, Thermo Fisher, XSERIES
2, U.S.). Internal standards (Sc, Ge, In, and Bi) were used to correct the
matrix effects and instrumental drift of the ICP-MS. Each sample was
measured for three times to ensure the RSD b 5%. Performances to
avoid ICP-MS interferences are provided in Supplementary information.
All vessels used in the analysis were acid-washed and rinsed with DI
water prior to use.
2.3. Quality assurance/quality control
Quality assurance/quality control (QA/QC) was performed using
GBW10018 (GSB-9, chicken), GBW10051 (GSB-29, pork liver),
GBW10050 (GSB-28, shrimp) obtained from National Research Center
for Certiﬁed Reference Material of China and NIST2976 (mussel) from
National Institute of Standards and Technology, U.S. Referencematerials
were processed under the same conditions as the tissue samples and re-
sults were in good agreement with the certiﬁed values (recovery rates
of 82% to 119%); recovery of spiked blanks ranged from 73% to 115%.
Limits of detection (LOD) was determined by the instrument as LOD
= 3 s/b, while “s” was relative standard deviation of background and
“b” was the slope of standard curve. Details of recoveries and limits of
detection were present in Table S2. Method blanks were also processed
and analyzed under the same conditions as the samples.
2.4. Data analysis
Trace element concentrations in this study are expressed as mg/kg
based on wet weight (WW). Spearman correlation analysis and
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Fig. 1. Trace elements concentrations in different tissues (B – blubber, M – muscle, E – epidermis, L - liver, and K – kidney) of Yangtze ﬁnless porpoises.
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ent factors. Since the data of most trace elements concentrations were
not normal and the homoscedasticity between groups could not pass
the test, independent sample nonparametric test (Mann-Whitney U
test or Kruskal-Wallis test depending on the number of group) was
used to compare differences in trace element concentrations between
samples from individuals of different genders and from different areas.
Statistical analyses were performed using SPSS 20.0.
3. Results
3.1. Accumulations of trace elements in Yangtze ﬁnless porpoises
The highest concentrations of different trace elementswere present in
different tissues (Fig. 1, Table S3). Concentrations of V, Ni, Zn, and Pbwere
highest in the epidermis, with mean concentrations of 0.109 mg/kg,
0.154 mg/kg, 429 mg/kg, and 0.254 mg/kg, respectively. For Cr, Mn, Cu,
Se, and Hg, the highest concentrations were in the liver, with mean con-
centrations of 0.521 mg/kg, 6.61 mg/kg, 24.7 mg/kg, 116 mg/kg, and
250 mg/kg, respectively. The highest concentrations of As and Cd were
present in the blubber (0.407 mg/kg) and kidney (7.91 mg/kg), respec-
tively. Overall, trace elements concentrations in Yangtze ﬁnless porpoise
tissues having the highest concentrations decreased from Zn N Hg N Se
N Cu N Cd NMn N Cr N As N Pb N Ni N V.
Spearman correlation analysis showed the correlations between
concentrations of trace elements in their highest-concentration tissues
(Fig. 2). Not accounting for the trace elements present in the highest
concentrations in the epidermis, concentrations of other trace elements
in the epidermis were not signiﬁcantly correlated with the concentra-
tions in their highest-concentration tissues, with the exception of Hg
(Table S4). Among all the analyzed trace elements, Hg and Se had the
highest correlation coefﬁcient (0.900, Fig. 2). Trace elements with the
highest concentrations in the epidermis (V, Ni, and Pb) and liver (Mn,
Cu, Se, and Hg) were signiﬁcantly positively correlated with each
other. However, Zn was signiﬁcantly positively correlated only with
Pb, and Cr was signiﬁcantly positively correlated only with Mn and Cu.There were also signiﬁcant positive correlations between As, Se, Cd,
and Hg.
TheHg:Se ratios (molar ratio)were calculated to evaluate the poten-
tial detoxiﬁcation of Hg by Se (Caceres-Saez et al., 2018). Most individ-
ual Yangtze ﬁnless porpoises had Hg: Se b 1, while some individuals
with high Hg levels had Hg: Se N 1 (Fig. 3). The Hg:Se ratios signiﬁcantly
correlated with molar concentrations of Hg (Correlation Coefﬁcient =
0.629, p b 0.001) and present logarithmic regression.
3.2. Differences of trace elements accumulation in Yangtze ﬁnless porpoises
with different body length, genders, and from different areas
Concentrations of As (correlation coefﬁcient = 0.341; p b 0.05), Se
(correlation coefﬁcient = 0.798; p b 0.001), Cd (correlation coefﬁcient
= 0.506; p b 0.01), Hg (correlation coefﬁcient = 0.836; p b 0.001),
and Pb (correlation coefﬁcient = 0.395; p b 0.05) in their highest-
concentration tissues were signiﬁcantly positively correlated with the
body length (Fig. 4).
There were no signiﬁcant differences between trace elements con-
centrations in Yangtze ﬁnless porpoises of different genders except Ni,
which was signiﬁcantly higher in male porpoises (Table S5). However,
concentrations of some trace elements (Ni, Cu, Se, Cd, Hg, and Pb)
were signiﬁcantly higher in the ovaries of females than in the testis of
males (Fig. 5 and Table S6).
Themean Cr, Mn, Cu, Zn, As, Se, and Hg concentrations were highest
in Yangtze ﬁnless porpoise samples from the Poyang Lake, V and Pb
were highest in samples from the Yangtze River, and Ni and Cd were
highest in samples from the Dongting Lake. However, no signiﬁcant dif-
ference among habitats was found (Table S7).
4. Discussions
4.1. Trace elements accumulation in Yangtze ﬁnless porpoises
The trace elementsmeasured in this study can be divided into essen-
tial elements (including V, Cr, Mn, Ni, Cu, Zn, and Se) and non-essential
Pb
Hg
Cd
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Cu
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V
V Cr Mn Ni Cu Zn As Se Cd Hg Pb
0.74** −0.22 −0.08 0.62** −0.19 0.46** 0.25 0.26 0.07 0.1 1
0.3 0.29 0.44** −0.01 0.32* −0.12 0.34* 0.9** 0.45** 1 0.1
0.05 −0.07 0.15 0.07 −0.01 −0.04 0.56** 0.56** 1 0.45** 0.07
0.38* 0.22 0.39* 0.15 0.4* −0.04 0.43** 1 0.56** 0.9** 0.26
0.32 −0.08 0.23 0.3 0.01 0.15 1 0.43** 0.56** 0.34* 0.25
0.29 −0.31 −0.19 0.3 0.06 1 0.15 −0.04 −0.04 −0.12 0.46**
0.01 0.64** 0.53** −0.07 1 0.06 0.01 0.4* −0.01 0.32* −0.19
0.65** −0.1 −0.14 1 −0.07 0.3 0.3 0.15 0.07 −0.01 0.62**
0.09 0.63** 1 −0.14 0.53** −0.19 0.23 0.39* 0.15 0.44** −0.08
0.01 1 0.63** −0.1 0.64** −0.31 −0.08 0.22 −0.07 0.29 −0.22
1 0.01 0.09 0.65** 0.01 0.29 0.32 0.38* 0.05 0.3 0.74**
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Fig. 2. Spearman correlations between concentrations of different trace elements in their highest-concentration tissues in Yangtze ﬁnless porpoises. Values are the Spearman correlation
coefﬁcients. The larger scale with * indicates p b 0.05, the largest scale with ** indicates p b 0.01.
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and Agrawal, 2005). Toxic heavy metals can lead to health risk to ceta-
ceans. However, essential metals can also have toxic effects at certain
concentrations (Tokar et al., 2012). In the North Sea, harbor porpoises
(Phocoena phocoena) that died from infectious disease had signiﬁcantly
higher hepatic concentrations of Cd, Hg, Se and Zn compared to healthy
porpoises that died from physical trauma in the North Sea (Mahfouz
et al., 2014). Furthermore, an increased number of stranding events
were reported in Indo-Paciﬁc humpback dolphins (Sousa chinensis)
from the Western Pearl River Estuary, China, in the same year that Cd
concentrations peaked (Gui et al., 2017).
In this study, some tissue samples exceeded the Zn concentrations
that are considered safe for marine mammals (80–400 mg/kg) (Law,
1996). Wounds caused by vessels or ﬁshing equipment are common
on the epidermis of the Yangtze ﬁnless porpoise, and the high Zn con-
centrations in the epidermis is likely to be related to wound repair; Zn
is required for dermal cell proliferation and collagen deposition and so
plays an important role in wound healing processes on the epidermis(Iwata et al., 1999; Lansdown et al., 2007). Similar results have previ-
ously been reported around the world, with the highest Zn levels mea-
sured in the epidermis of other cetaceans (Aubail et al., 2013; Borrell
et al., 2015; Roditi-Elasar et al., 2003; Sun et al., 2017; Yang et al.,
2002). However, in our Yangtze ﬁnless porpoises and Indo-Paciﬁc
humpback dolphins from Pearl River Estuary area (Sun et al., 2017),
Zn concentrations exceeding the essential range have also been re-
ported in liver tissue, suggesting that excess Zn may be causing toxicity
to these species.
In this study, Se concentrations in Yangtze ﬁnless porpoises exceed
the essential limitation (120 mg/kg) have also been found (Law, 1996).
Yangtze ﬁnless porpoises with high liver Se concentrations also had
high liver Hg concentrations. Among the non-essential elements mea-
sured in this study, Hgwasmeasured at the highest mean concentrations
in Yangtze ﬁnless porpoise tissue, and the bio-enrichment factor was be-
tween 104 and 109 compared with the Hg concentration in the Yangtze
River water (Liu et al., 2015; Muller et al., 2008). Some individuals pre-
sented liver Hg concentrations over the range considered to pose a risk
Fig. 3. Correlation and regression between Hg molar concentrations and Hg:Se ratios
(molar ratios) in liver tissue of Yangtze ﬁnless porpoises.
801X. Xiong et al. / Science of the Total Environment 686 (2019) 797–804of hepatic damage (400–1600mg/kg) (WagemannandMuir, 1984). Even
for those individuals in which Hg concentrations did not exceed this
range, chronic low-level exposure of Hg could also suppress immuneAs Se
Hg Pb
Fig. 4. Correlations and regressions between body length of Yangtze ﬁnless porpoiand endocrine system of animals, and increase in diseases, infections,
and other health impairments (Caceres-Saez et al., 2018; Stavros et al.,
2011). However, Se can protect marine mammals from Hg toxicity
through antioxidant properties, competition for binding sites, and the for-
mation of non-toxic inert complexes (Cuvin-Aralar and Furness, 1991).
The signiﬁcant positive correlation and high correlation coefﬁcient be-
tween Se and Hg in Yangtze ﬁnless porpoise tissues in this study suggest
that the high Se concentrations could be a response of high Hg concentra-
tions. Moreover, the high Hg:Se ratios in Yangtze ﬁnless porpoises with
high Hg tissue concentrations suggests that the health of some Yangtze
ﬁnless porpoises in the Yangtze River could be affected by Hg toxicity
(Berry and Ralston, 2008; Khan and Wang, 2009).
Trace elements concentrations in Yangtze ﬁnless porpoise liver sam-
ples in this study are comparedwith those of other small cetaceans in pre-
vious studies in Table S8. Levels of Hg, Se, and Cd in this study are higher
than those reported inmost of other studies onﬁnless porpoises andother
small cetacean species. Environmental concentrations of Cd are reportedly
high in some provinces in themiddle reach of the Yangtze River (Cai et al.,
1995; Li et al., 2010;Williams et al., 2009), whichmay be the cause of the
high Cd concentration in Yangtzeﬁnless porpoise tissue seen in this study.
For Hg, however, the concentration in the Yangtze River is relatively low
compared with other water bodies, and previous studies on ﬁsh from
this area have reported lower Hg tissue concentrations than in ﬁsh from
coastal areas of China (Muller et al., 2008; Ullrich et al., 2001; Yi et al.,
2011). This suggests that other mechanisms drive the accumulation of
Hg in Yangtze ﬁnless porpoises, which requires further investigation.
Concentrations of most trace elements (except As and Pb) in this
study are higher than or similar to those reported in ﬁnless porpoises
from the East China Sea (which is in close proximity to the Yangtze
River estuary), but lower than those in ﬁnless porpoises and Indo-Cd
ses and concentrations of trace elements in the highest-concentration tissues.
Fig. 5. Trace elements concentrations in reproductive tissues (ovary and testis) of Yangtze ﬁnless porpoises. Error bars represent the standard error. * indicates p b 0.05 and ** indicates p b 0.01.
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(Gui et al., 2017; Liu et al., 2017; Sun et al., 2017; Zhang et al., 2017).
These results are consistent with the characteristics of trace elements
pollution levels in these regions (Muller et al., 2008; D. Wang et al.,
2013, S.L. Wang et al., 2013; Yin et al., 2015), indicating that tissue con-
centrations in small cetaceans can reﬂect trace elements pollution sta-
tus of water bodies.
4.2. Reasons for trace elements accumulations in different tissues of Yangtze
ﬁnless porpoises
Concentrations of some trace elements in the epidermis of small ce-
taceans are signiﬁcantly positive correlated with the concentrations in
internal tissues in previous studies (Yang et al., 2002; Stavros et al.,
2011; Aubail et al., 2013; Borrell et al., 2015; Zhang et al., 2017). How-
ever, in the present study, such correlations were not found, suggesting
that the epidermis might not be a reliable monitoring tool to character-
ize trace elements accumulations, which aremore likely to be present in
internal tissues in this species.
This study demonstrates signiﬁcant correlations between some
trace elements that are present in the highest concentrations in the
same tissue, suggesting similar accumulation mechanisms of these ele-
ments. Accumulation of trace elements such as Hg, Cr, Mn, and Cu in the
liver may partly be explained by detoxiﬁcation process; detoxiﬁcation
process for many heavy metals and metabolism of essential traceelements occur in the liver (Campbell et al., 2005; Ferguson et al.,
2001). Even for other trace elements such as Cd, Pb, Zn, and V, the sec-
ond highest concentrations were also measured in the liver.
The epidermis of the Yangtze ﬁnless porpoise is the ﬁrst (and there-
fore most direct) tissue exposed to trace elements ions in water. Gaskin
(1986) reported that small ‘Odontoceti’ (Cetacea) assimilate 18% of
water from drinking, 51% from food, and the remaining 31% through the
skin. Hence, the epidermis is considered to play a nonnegligible role in
trace elements assimilation in cetaceans (Augier et al., 1993;
Cardellicchio et al., 2000), which suggests that trace elements accumulate
in the epidermis of Yangtze ﬁnless porpoisesmay have different assimila-
tion pathways compared with those that accumulated in internal tissues.
The tissues where the highest concentration of As accumulate may
depend on the element species. Most As in aquatic organism tissues is
in organic form (Rahman et al., 2012), which may lead to its accumula-
tion in blubber, aswas seen in this study. For Cd, toxic effects on kidneys
(i.e., nephrotoxicity) arewell known (Gallien et al., 2001), due to the re-
action between Cd and sulfhydryl-rich protein or metallothionein to
form highly stable and persistent complexes that are mainly stored in
the kidneys (Sun et al., 2017).
4.3. Inﬂuences of gender and body length on trace element accumulation
Similar to previous studies on small cetaceans (Gui et al., 2017; Sun
et al., 2017; Zhang et al., 2017), no signiﬁcant differences in most trace
803X. Xiong et al. / Science of the Total Environment 686 (2019) 797–804elements concentrations (in the highest-concentration tissue) were
found between genders in Yangtze ﬁnless porpoises in this study. Previ-
ous studies have shown that breeding and feeding offspring are two im-
portant reasons for differences in accumulation of contaminants
between female and male cetaceans (Das et al., 2003; Wagemann
et al., 1983). This study indicates that the transmission of trace elements
from mother to infant may not be considerable in Yangtze ﬁnless por-
poises. The signiﬁcantly higher concentrations of some trace elements
(especially some toxic heavy metals) in the primary reproductive
organ of female Yangtze ﬁnless porpoises is important, however, as
trace elements such as Hg, Pb, and Ni are known to cause reproductive
toxicity to cetaceans (Theron et al., 2012; Wise et al., 2019).
Signiﬁcantly positive correlations between Yangtze ﬁnless porpoise
body length and concentrations of As, Cd, Hg, Se, and Pb (in the
highest-concentration tissue) found in this study agree with the results
of Liu et al. (2017) in a study on ﬁnless porpoises in the East China Sea,
and are similar to the results of several studies on other small cetaceans
(Gui et al., 2017; Liu et al., 2017; Sun et al., 2017; Zhang et al., 2017).
These trace elements are all non-essential, except Se for which the con-
centration correlates with Hg accumulation. Higher trace elements con-
centrations in larger individuals are a consequence of bioaccumulation
and biomagniﬁcation of trace elements through the food chain
(Borrell et al., 2015;Monteiro et al., 2016; Yang et al., 2006). In addition,
some non-essential elements such as As andHg can be transformed into
organic species, which will enhance their enrichment in tissues rich in
fat over an organism's lifespan (Caceres-Saez et al., 2018; Rahman
et al., 2012). The positive correlations between some non-essential ele-
ments found in this study also suggest that they may have the similar
accumulation mechanisms. The enrichment of toxic heavy metals, and
particularly the exponential regression of Hg and Se with body length,
suggests potential health effects to adult Yangtze ﬁnless porpoises,
which may inﬂuence reproduction and therefore populations.
4.4. Spatial differences of trace elements accumulation in Yangtze ﬁnless
porpoises
Spatial differences of trace elements accumulation resulting from
the differences in industry development and pollutant discharge have
been reported in small cetaceans both in the coastal area near the Yang-
tze River Estuary and the Pearl River Estuary (Gui et al., 2017; Liu et al.,
2017). However, no signiﬁcant spatial differences were found for most
trace elements in this study. Although economic development and
heavy metal pollution within the Yangtze River basin vary (Muller
et al., 2008), the majority of Yangtze ﬁnless porpoise samples were col-
lected from less developed areas. It has been reported that the Yangtze
ﬁnless porpoise population tends to gather in particular areas of the
river, where there is less impact fromhuman activities such as shipping,
bridges, ports, and ﬁshing (Mei et al., 2014), and so to a certain extent
Yangtze ﬁnless porpoises avoid areas with higher trace elements con-
centrations. However, our samples from the Yangtze River and the
Dongting Lake aremuch less those from the Poyang Lake, whichmay af-
fect the result of comparison. Further research on spatial difference
should be performed after more samples were collected.
5. Conclusions
In conclusion, this study revealed the tendencies for different trace
elements to accumulate in different tissues of Yangtze ﬁnless porpoises.
The results showed that themeasurement of trace elements concentra-
tions in the epidermis does not provide a reliable indication of accumu-
lation in internal tissues of Yangtze ﬁnless porpoises. Positive
correlations between the trace elements accumulated in the same tis-
sues suggested similar mechanisms of metabolism or detoxiﬁcation
pathways. Concentrations of As, Cd, Hg, Se, and Pb were signiﬁcantly
positively correlated with body length. No signiﬁcant differences in
most trace elements accumulations were found between genders.However, higher concentrations of some trace elements were present
in the ovaries of female Yangtze ﬁnless porpoises than in the testis of
male Yangtze ﬁnless porpoises, suggesting the higher potential repro-
ductive risk of trace elements toxicity to females. Comparisons of trace
elements accumulations in individuals from different major Yangtze
ﬁnless porpoise habitats showed no signiﬁcant geographical differ-
ences. Compared to previous studies on other small cetaceans, Hg and
Cd concentrations were higher in Yangtze ﬁnless porpoises in this
study, which suggests the potential risk of toxicity, especially for Hg,
for this species.Acknowledgment
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